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Abstract 


The region of Carpathian Serbia is much dominated by karst terrain with 
numerous geological and geomorphological features, especially caves and natural 
stone bridges, potentially significant for geotourism development. The geotourism 
potential of these sites is still largely untapped. In this paper, we analyze several 
natural stone bridges that possess geotourism potential. These sites include Velika 
Vratna, Mala Vratna, Suva Vratna, Samar, Valja, Osanica and Rajska stone bridge. 
ae This study aims to identify and evaluate the current state and geotourism potential 
Patent orev cre ny . pairs of natural stone bridges as important resources for the development of karst 
Trg Dositeja Obradovica 3, 21000 geotourism in Carpathian Serbia by applying the Modified Geosite Assessment 
Novi Sad, Serbia — Model (M-GAM). The results indicate that the Vratna River basin currently has 
Peaiorye? encom the best-rated Main Values, but it comes short for Additional Values, especially 
tourism infrastructure meaning that this should be the primary focus of any future 
geotourism development of this site. On the other hand, Valja stone bridge has the 
highest Additional Values but still with plenty of room for improvement. The paper 
also indicates the importance of other karst features in the vicinity and their role in 
completing the geotourism offer of this area. 
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Introduction more holistic approach to geotourism, recognizing 
Geotourism research is intended to improve the the connections between people, geoheritage 
value-added component of the geosite visitor and the landscape (Gordon 2018). Geotourism 
experience (Hose 2006). The assessment of is appreciated and accepted as a useful tool for 
geoheritage assets, values and benefits enables a promoting natural and cultural heritage as well as 
fostering local and regional economic development 
(Kubalikova 2019). This underlines the importance 
of exploring geoheritage and geotourism potentials 
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A geoconservation focus gives geotourism an 
overlap with other forms of natural heritage tourism 
such as ‘environmental’ and ‘nature-based’ (Hose 
2012), but the main purpose is the conservation 
of geosites and geomorphosites through the 
implementation of specific inventory, evaluation, 
conservation and monitoring procedures (Henriques 
et al. 2011). Geoconservation research has been 
undertaken elsewhere on different geosites, mainly 
caves (Stephens ef al. 2013; Guzman & Fernandez 
2016; Larwood 2016; Murphy & Allshorn 2018; 
Lewis 2019; Tomié et al. 2019; Antié et al. 2019; 
Zatfra-Otero et al. 2019; Gordon 2019) and loess 
geosites (Vasiljevic et al. 2011; Solarska et al. 2013; 
Vasiljevic et al. 2014; Dong et al. 2014; Markovié 
et al. 2014). A crucial aspect of geoconservation 
is the ability to establish the sustainability of local 
development (Piranha et al. 2011), geo-knowledge 
(Farsani et al. 2014) and geoethical values 
(Peppoloni et al. 2019). Moreover, professional 
and responsible geoconservation management 


and continuous geodiversity monitoring are 
prerequisites for carrying out successful geotourism 


strategies (Gordon 2018). 


Karst landscapes and features are one of the most 
vulnerable (Williams 2008) and visited (Lobo 2013) 
geosites. Caves, gorges, canyons, karst springs, 
waterfalls and natural stone bridges are the main 
representatives of karst resources (Ruban 2018) 
and karst-based geotourism potential. However, 
due to their fragility, the conceptual frameworks of 
karst geotourism strategies must include protection, 
education and socio-economic perspective (Sanchez- 
Botello et al. 2018). Furthermore, the promotion of 
scientific, educational and aesthetic values of rare 
and unique karst geosites establishes an adequate 
starting point of the geotourist affirmation. Bearing 
in mind the many benefits that local people can 
derive from tourism, both marketing and spatial 
planning must be carefully implemented to bring 
sustainable and ethical concepts of prosperity to 
geotourism. 


Natural Arch and Bridge Society defines natural 
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arches as “rock exposures that have holes through 
them formed by the natural, selective removal 
of rock, leaving a relatively intact frame”. There 
are many different processes of erosion that can 
contribute to the natural, selective removal of rock. 
These processes usually only cause a natural arch 
to form when certain combinations of them act on 
a rock exposure of a specific shape. Water, gravity, 
and temperature fluctuation are the principal forces 
involved in carving natural arches out of rock (www. 
naturalarches.org). Furthermore, Cali¢-Lubojevi¢ 
(2000) argues that there are two theories on the 
genesis of the natural bridges. The first one was 
elaborated by Cviji¢ (1918) and relies on the former 
presence of a cave whose roof collapsed, leaving 
only tiny stone arches—natural bridges. The second 
theory refers to situations when a river flowing 
across a thin limestone ridge cannot entrench into 
the ridge but sinks at the contact and resurges on the 
other side (Petrovic 1969). 


The diversity of karst areas in eastern Carpathian 
Serbia enables numerous exploitations of geosites 
for geotourism development purposes. The main 
focus of this paper is to identify and evaluate 
natural stone bridges as important resources for 
the development of karst geotourism in eastern 
Serbia. Additionally, the paper mentions other 
karst features in the area which could enrich the 
geotourism offer in this part of the Carpathians. 
The results of the paper are of particular importance 
for tourism workers, management structures and 
decision makers, as well as for the local population 
and NGOs. 


Study Area 

The Carpathian branches in eastern Serbia extend 
from the Timok and Crna rivers in the east to the 
Velika Morava River in the west and from the 
Balkan Mountains in the NiSava River basin in the 
south to the Danube in the north. 


The explored geosites are positioned in the karst 


the environment of the Carpathians in eastern 
Serbia (Figure 1). The evaluation was conducted on 
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seven selected natural stone bridges, which are the 
most representative and possess great potential for 
geotourism development. Table | provides detailed 
descriptions of the sites that are analyzed and 
evaluated in this paper. It can be observed that out 
of seven selected geosites, four are located in the 
Negotin municipality. Also, Rajska has the longest 


SWEDEN 
FINLAND 


Helsinki Saint 
Petersburg 
Stockholm 


ESTONIA 


LATVIA 


Copenhagen 
NITED LITHUANIA 


KINGDOM Vilnius 
Minsk 


Dublin BELARUS 


TRELAND 
POLAND 
Warsaw 


Amsterdam Berlin 


GERMANY 
Cologne 


London 
Kyiv 
, UKRAINE 
Paris . 
Vienna 
Budapest 
HUNGARY 


AUSTRIA 
FRANCE 


BULGARIA 


Barcelona Istanbul 
Ankara 


. GREECE TURKEY 
Lisbon 


Athens 


Algiers Tunis 


SYRI 


TUNISIA Mediterranean 
Casablanca & 
Tripoli Sources: Esri, HERE, Garmin, FAO, NOAA,‘USGS, © OpenStreetMap 


contributors, and the GIS User Commuaity 


N 
0 500 1,000 2,000 I) Carpathians , 
, ,000 k' 
" ME Republic of Serbia 
s 


44°30! 


Damascus 








Tomic: Karst-Based Geotourism in Eastern Carphatian Geoconservation Research 


tunnel (155 m), because it is a cave that has the 
characteristics of a natural stone bridge. Moreover, 
it is evident that Valja stone bridge near Majdanpek 
is the highest (44.8 m), which indicates its aesthetic 
uniqueness while the smallest natural stone bridge is 
Osanica, which can be very attractive for adventure 
tourists. 
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Figure 1. Location of analyzed stone bridges and the spread of karst areas in Carpathian Serbia 
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In addition, there are numerous caves inthis areathat waterfalls are also found in this karst area: Buk, 





are already developed speleotouristic destinations, Siga, Blederiyje, as well as many gorges, canyons 
such as Resava cave, Rajkova cave, Lazareva cave, and paleo-volcanic sites. 
CeremoSnja and RavniStarka caves. Numerous 


Table 1. Natural stone bridges in Eastern Serbia 


Natural Stone Bridges in Eastern Serbia Municipality Length (m) Width (m) Height (m) 


MalaVratna Negotin 15 39 34 
VelikaVratna Negotin 45 22-33 26 
SuvaVratna Negotin 34 20 IS 
Samar Zagubica 10 14 ES 
Valja Majdanpek AG Sy! 44.8 
Osanica Zagubica 18 3 1-3 
Rajska Negotin 155 18 18 


Vratna River Stone Bridges are located in the Vratna 





canyon in eastern Serbia, more precisely about 30 
km from the city of Negotin. The Vratna canyon can 
be reached via the Negotin-Kladovo road leading to 
the Vratna monastery and three stone bridges that 
cover a watercourse of 94 m in length (Tomic 2016). 


The area of the Vratna River, which is cut in 
limestones, used to be a large cave with the main 
channel about 150 m long. It was through this channel 
that the Vratna River flowed. The simultaneous 
existence of surface and underground watercourses 
were connected by numerous sinkholes. While the 
underground flow was constantly active, the surface 
only existed occasionally, during the wetter period 
of the year when the underground cavities could not 
receive all the water. Due to the surface denudation 
(lowering of the surface area) and the simultaneous 
increase in the dimensions of the cave channel, or 





due to its expansion, the cave ceiling collapsed over _ =—=—=—=stettas Sl JE ESS 


a distance of about 100 meters, leaving only two Figure 2. Mala Vratna stone bridge 


specific limestone ports today called Mala (small) 


stone bridge and Velika (big) stone bridge (Petrovié Mala Vratna stone bridge is located about 200 


& Gavrilovié 1969). meters upstream of the Vratna Monastery. The 


Volume 3/ Issue 2 / pages(62-80) e-ISSN: 2588-7343  p-ISSN: 2645-4661 














bridge is 15 m long, 33 m wide and 34 m high 
(Figure 2). The Velika Vratna stone bridge (Figure 
3) 1s located 100 meters upstream of the Mala stone 
bridge and it has an opening in the form of a tunnel 
45 m long, 22—33 m wide and 26 m high. There 
are more openings of cave channels on the walls 
and ceiling. The largest and longest cave system 
is located in the right wall and represents a maze 
of channels at different levels and heights (Tomic 
2016). Suva Vratna stone bridge is not a part of the 
Vratna protected area and is approximately three 
kilometers from the previous two stone bridges. 
It is quite inaccessible, but the marked trail 1s 
extremely attractive to all adventurer tourists 
(Figure 4). This imposing and final stone bridge of 
the Vratna area is 34 m long, 20 m wide and 15 m 
high (Petrovic & Gavrilovic 1969). 





Figure 3. Velika Vratna stone bridge 


The Vratna Canyon is protected by the Institute 
for Nature Conservation of Serbia as a natural 
monument. The protected area encompasses the 
river canyon on either side of the river bed. The 
Vratna canyon also has a very specific flora dating 











back to the Ice Age, as well as about 50 bird species 
and mammal species such as mouflon and musk 
deer (Petrovic & Gavrilovic 1969). 





Figure 4. Suva Vratna stone bridge 


Samar Stone Bridge. This natural bridge is located 
on the border of Homolje and Kucaj mountains, near 
the small city of Zagubica. The Samar stone bridge 
karst formation (Figure 5) is in the limestones of 
the easternmost part of Beljanica Mountain. Also, 
the Borsko Lake is only 12.5 km south of this 
geosite. The Ravna River flows through the Samar 
stone bridge, in a west-east direction. The length of 
this natural bridge is 10 m, while the width is 14 
m and its height is 15m (Cvyi¢ 1918). The Samar 
Geomorphologic Nature Monument was protected 
in 1979, 





Figure 5. Samar stone bridge 





Figure 6. Valja stone bridge 





alla stone bDIrIidagve 


The natural stone bridge Valja (Figure 6) is protected 
by the state as a natural monument of exceptional 
importance. The bridge is located about 12 km 
from Majdanpek. From a regional road Majdanpek- 
Rudna Glava a 1300m long pedestrian track leads 
to this geosite. The impressive height of the bridge 
is 44.8m, making it the highest in Serbia, while 
the width of its opening at the bottom is 9.7m. The 
protected area also includes a mountain river of 
the same name that runs below the stone bridge. 
Together they make an attractive and very significant 
geotourism destination (Gavrilovic¢ 2005). 


The Osanica Stone Bridge. This geositeis in the 
north western part of Homolje Mountains, in the 
narrowest part of the Osanica epigenetic gorge. It 
is 2 km upstream of the Osanica River. The total 
length of this stone bridge is 18 m and the height 
of the vault varies from 1 m up to 3 m, while the 
average width 1s 3 m (Figure 7). 





Figure 7. Osanica stone bridge 


The thickness of the stone vault 1s 5 m below which 
the Osanica River flows. Due to its proximity to 
Osanica village, it is very accessible to all visitors. 





The macadam road along the river leads to the 
stone bridge, but for the last few tens of meters the 
stone bridge can only be reached by walking into 
the river. Therefore, the stone bridge can only be 
reached when the water level is low. 


Rajska Stone Bridge. This geosite is located in the 
valley of the Zamna River, close to the Plavna village, 
which belongs to the municipality of Negotin. 
Zamna River Canyon and the stone bridge are both 
protected as a natural monument, but it should be 
emphasized that Rajska is also a tunnel cave. The 
river flows through a 155 m long cave with bridges 
at both sides (Figure 8). Water erosion has created 
openings in the cave vault through which daylight 


reaches almost its entire length (Gavrilovic 1998). 





Figure 8. Rajska stone bridge 
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Methodology 

The methodology of this study is based upon the 
‘Modified GeositeAssessment Model’ (M-GAM), 
as developed by Tomi¢ & Bozié (2014). This method 
is mainly based on the Importance factor (/m) first 
introduced by Tomié (2011) and the GAM model 
created by Vujicic et al. (2011). The method is also 
based on previous geosite assessment methods 
developed by different researchers (Bruschi & 
Cendrero 2005; Coratza & Giusti 2005; Erharti¢ 
2010; Hose 1997; Pereira et al. 2007; Pralong 2005; 
Reynard 2008; Reynard et al. 2007; Serrano & 
Gonzalez-Trueba 2005; Tomic¢é 2011; Zouros 2007). 
It combines the opinions of both sides of the tourism 
experience, tourists and experts, in such a way that 
neither side is favored in the assessment process. It 
has been successfully tested and applied numerous 
times for the assessment of various geosites in 
Serbia (Anti¢ & Tomic 2017; BoSkov et al. 2015; 
Bozic et al. 2014; Bozic & Tomié 2015; Tomié¢ et al. 
2019; Tomié et al. 2020; Vukoié1¢ et al. 2018; Antié 
et al. 2019; Antié & Tomicé 2019; Vukovié & Anti¢é 
2019), Slovenia (Tiéar et al. 2018), the USA (Tomic¢ 
et al. 2015; Joni¢é 2018), Iran and in the Hungarian 
Bakony-Balaton geopark (Pal & Albert 2018). 


The M-GAM model consists of two key indicators: 
Main Values and Additional Values, which 
are further divided into 12 and 15 indicators 
respectively, each individually marked from 0 to 
1. This division is made due to two general kinds 
of values: Main Values - that are mostly generated 
by geosite’s natural characteristics; and Additional 
Values - that are mostly human-induced and 
generated by modifications for a geosite’s use by 
visitors. The Main Values comprise three groups 
of indicators: scientific/educational (VSE), scenic/ 
aesthetic values (VSA) and protection (VPr) 
while the Additional Values are divided into two 
groups of indicators, functional (VFn) and touristic 
values (VTr). The Main and Additional Values are 
presented in more detail in Table 2. 

The evaluation process is based on careful 
consideration of the different characteristics of 
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Table 2. The structure of the Modified Geosite Assessment Model (M-GAM) 


Mainvaues(W) 
ScienticrEaucational ve SE) [SS 


Didactic and exemplary characteristics of the site due to its quality and general 
2. Representativeness 
configuration 


oe oo The number of written papers in acknowledged journals, thesis, presentations and 
3. Knowledge on geoscientificissues ae od P 


other publications 


4. Level of interpretation Level of interpretive possibilities ou Selle gea and geomorphologic processes, 
phenomena and shapes and level of scientific knowledge 


The number of viewpoints accessible by a pedestrian pathway. Each must present a 





5. Vi int 
se eae particular angle of view and be situated less than 1 km from the site. 


The whole surface of the site. Each site is considered in quantitative relation to other sites 


7. Surrounding landscape and Panoramic view quality, presence of water and vegetation, absence of human-induced 
nature deterioration, vicinity of urban area, etc. 


8. Environmental fitting of sites Level of contrast to nature, the contrast of colors, the appearance of shapes, etc. 
9. Current condition The current state of geosite 


10. Protection level Protection by local or regional groups, national government, international organizations, etc. 


11. Vulnerability Vulnerability level of geosite 


Proposed number of visitors on the site at the same time, according to the surface area, 











12. Suitable number of visitors 





vulnerability and the current state of geosite 


7. Nil fierce 


Interpretative characteristics of text and graphics, material quality, size, fitting to 


22. Interpretative panels 
surroundings, etc. 


23. Number of visitors The annual number of visitors 


Level of additional infrastructure for tourist (pedestrian pathways, resting places, 
garbage cans, toilets etc.) 





24. Tourism infrastructure 





25. Tour guide service 


If exists, expertise level, knowledge of foreign language(s), interpretative skills, etc. 


Restaurant service close to geosite 


26. Hostelry service Hostelry service close to geosite 


27. Restaurant service 


Grades (0.00—1.00) 


Cn 


a 
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ee 


National Int tional 
None Local publications Regional publications ee per 
publications publications 


Moderate level Good example of 
Moderate level of Good example of P 
of processes but processes and easy to 
None processes but hard to | processes but hard to 
: easy to explain to explain to common 
explain to non experts | explain to non-experts bee ae 
common visitor visitor 


En CY 
f&[smat | —*dietim idage 
5 0 
fe [onfiving |New ——*diing 


Medium damaged 





Totally damaged (as Highly damaged (as Grienontal 


geomorphologic 
features preserved) 


Low (could be 
damaged only by None 


a result of human a result of natural 
activities) processes) 


Slightly damaged No damage 





Wl Irreversible (with High (could be easily | damaged by natural 


possibility of total loss) | damaged) eee or human 


human activities) 


[oie = 020 20 to 50 More than 50 


Low (on foot with Medium (by bicycle and 
13. | Inaccessible special equipment and | other means of man- High (by car) Utmost (by bus) 
expert guide tours) powered transport) 


2 ee 


Medium High (10 001 to 100 | Utmost (more than 100 


Low «| Medium Jali High Utmost sd 
25. [None tow Yai eee 













investigated speleological objects. With the help In total sum, there are 12 subindicators of Main 
of field research (visiting each geosite), scientific, Values, and 15 subindicators of Additional Values, 
aesthetic, conservation, tourist and functional which are graded from 0 to | that define M-GAM as 
parameters related to the M-GAM subindicators a simple equation: 


were observed in order to determine the current 
state and perspectives of tourism development of M-GAM = MV + AV (1) 
each geosite. 
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where MV and AV represent symbols for Main and 
Additional Values. Since Main and Additional Values 
consist of three or two groups of subindicators, we 
can derive these two equations: 


MV = VSE + VSA + VPr, (2) 
AV = VFn + VTr, (3) 


Now that we know that each group of indicators 
consists of several subindicators, equations (2) and 
(3) can be written as follows: 


12 
MV =VSE +VSA+VPr = SIMV, » where, 0<SIMV;<1, (4) 
i=l 


15 
AV =VEn+VIr =) SIAV,, where O<SIAV, <1. (5) 
j=l 


Here, SIMV, and SIAV, represent 12 subindicators of 
Main Values(i = 1,...,12) and 15 subindicators (7 = 
1,...,15) of Additional Values. 


The main feature of M-GAM is that it does not focus 
only on the expert’s opinion but also on the opinion 
of visitors and tourists regarding the importance of 
each indicator in the assessment process. Visitor 
inclusion in the assessment process is done through 
a survey where each respondent is asked to rate 
the importance (/m) of all 27 subindicators (from 
0.00 to 1.00) in the M-GAM model (Table 3). 
The importance factor im) was first introduced 
by Tomic (2011) in his research and later used for 
the creation of the M-GAM model, CREM model 
(Cultural Route Evaluation Model) created by Bozic 
& Tomic, 2016 and SAM Model (Spa Assessment 
Model) created by Tomic & KoSic, 2020. It gives 
visitors the opportunity to express their opinion 
about each subindicator in the model and how 
important it is for them when choosing and deciding 
between several geosites that they wish to visit. 
After each respondent rates the importance of every 
subindicator, the average value of each subindicator 
is calculated and the final value of that subindicator 
is the importance factor. Afterwards, the value of 
the importance factor (/m) is multiplied with the 
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value that was given by experts (also from 0.00 to 
1.00) who evaluate the current state and value of 
each subindicator (Table 3). 


This is done for each subindicator in the model 
after which the values are added up according 
to the M-GAM equation but this time with more 
objective and accurate results due to the addition 
of the importance factor (dm). This parameter 1s 
determined by visitors who rate it in the same 
way as experts rate the subindicators for Main 
and Additional Values by giving them one of the 
following numerical values: 0.00, 0.25, 0.50, 0.75 
and 1.00, marked as points. The importance factor 
(Im) is defined, as: 


2 ly, ( 6) 
K 


Im= 


Where /v, is the assessment/score of one visitor 
for each subindicator and K is the total number of 
visitors. Note that the /m parameter can have any 
value in the range from 0.00 to 1.00. 


Finally, the M-GAM equation is defined and 
presented in the following form: 


M-GAM = MV + AV (7) 
MV = 2, Imi*MV; (8) 
AV = diIm;*AV; (9) 


As it can be seen from the M-GAM equation, the 
value of the importance factor (/m), which is rated 
by visitors (for each subindicator separately) is 
multiplied with the value given by experts (also 
separately for each subindicator). This is done for 
each subindicator in the model. 


In their research about different geotouristic 
segments, Bozi¢ & Tomic (2015) conducted a 
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survey and calculated the importance factor for 
each subindicator in the M-GAM model. Their 
research was carried out in order to calculate the 
importance factor for Serbian geotourists. Since 
then, these values have been used numerous times 
for the assessment of different geosites in Serbia 
for the needs of Serbian tourists (Antic & Tomic 
2017; Tomicé et al. 2019; Tomicé et al. 2020; Antié 
et al. 2019; Anti¢ & Tomicé 2019; Vukovié & Antié 
2019) and therefore can be applied in this case as 
well given the fact that the assessment is also done 
for Serbian tourists. Therefore, the values of the 
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importance factor in this paper have been adopted 
from the mentioned paper. 


Based on the assessment results, a matrix of Main 
(X axes) and Additional Values (Y axes) is created 
(Figure 9). The matrix is divided into nine fields 
represented with Z(1,j), (1,J=1,2,3). Depending on 
the final score, each geosite will fit into a certain 
field. For example, if a geosite’s Main Values are 7 
(X axes) and additional are 4 (Y axes), the geosite 
will fit into the Z,, field at the point where these two 
values (7 and 4) meet. 


Mala Vratna 
Velika Vratna 
Suva Vratna 
Samar 

Valja 

Osanica 
Rajska 


gE ae 
ap te EEE 





7 


rit | | ft 
0 
012 3 4 5 6 7 8 9 10 11 12 
MAIN VALUES 


Figure 9. Position of analyzed geosites in the M-GAM matrix 





Results and Discussion 

Considering the vastness of karst terrain in the eastern 
Carpathian region of Serbia (Figure 1), natural stone 
bridges are most certainly a regional phenomenon. 
The Carpathian region in Serbiais an area with the 
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largest number of these geosites, which points out a 
unique advantage that can be utilized in the tourism 
market. Due to these facts, all natural stone bridges 
are rated 0.50 for the rarity subindicator. Moreover, 
the representativeness of the explored geosites was 
assessed more diversely. The utmost values (1.00) 
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are given to the Velika Vratna, Valja stone bridge and 
Rajska stone bridge geosites while high values (0.75) 
are given to all other geosites, except Osanica, which 
received a moderate value of 0.50. This is the result 
of various attractive features. The best rated geosites 
have larger dimensions, which also affects the level 
of visits they receive. Furthermore, the interpretation 
subindicator is highly rated for all geosites, because 
the possibility of presenting it to potential tourists is 





high. There are the good examples of processes that 
are easy to explain to a common visitor. Although 
scientific research and publications related to the 
knowledge of these geosites are very scarce, the 
natural stone bridges in the Vratna river basin have 
been explored and papers have been published on 
this topic in international journals (Calié-Ljubojevié 
2000; Petrovic & Carevi¢ 2015) while for other sites 
this is not the case. 


The evaluation results for aesthetic values are very 
similar for all geosites. The natural stone bridges in 
the Vratna river basin have higher ratings because 
they possess a larger number of viewpoints compared 
to other geosites. The area covered by the explored 
geosites is also similarly evaluated. The majority 
of the geosites have medium size, while Rajska as 
the largest and Osanica stand out as the smallest. 
Considering the researched geosites, it is evident that 
these localities are unique for the Carpathian region 
of Serbia. Thus, they are authentic representative 
tourist potentials for this area. Given the uniqueness 
of the natural environment in which these geosites 
are located, they are all rated with maximum score 
when it comes to subindicators of landscape, nature 
and environmental fitting. Furthermore, all natural 
stone bridges are protected at the national level by 
the Institute for Nature Conservation of Serbia and 





have no major damage. According to the presented 
data and results for the Main Values, we can conclude 
that these geosites possess significant geotourism 
potential that could be used for the creation of an 
attractive geotourism destination. Therefore, it is 
necessary to explore the functional, infrastructural 
and tourist values to determine the measures for the 
creation, improvement and modernization of the 
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potential geotourism product. 

Additional values of the analyzed geosites are 
significantly lower than the Main Values. Apart 
from the Vratna andValja stone bridge near the 
Derdap National Park, accessibility is low for 
each of the analyzed sites. Walking with special 
equipment and expert guide tours is mandatory for 
safe access to the explored sites. This 1s the primary 
reason that these sites have few visitors, because 
most tourists require adequate tourist infrastructure. 
On the other hand, this is an advantage for those 
tourists who enjoy adventurous trips to destinations 
that are completely free from conventional tourist 
activities. An appropriate solution is to provide 
both groups with quality conditions that will inspire 
them to visit these destinations continuously. This 
would mean arranging a part of the site, which is in 
the immediate vicinity of the stone bridges (access 
and information units), without changing the natural 
environment by opening large tourist complexes 
and camps. 


The natural environment and surroundings are very 
diverse and attractive in this region. Near the Val- 
ja stone bridge Rajkova cave is located while near 
the Samar natural stone bridge the Borsko lake and 
paleovolcanic sites Tilva Njagra and Tilva Mika 
are located. Moreover, the famous speleotourism 
destination, Lazareva Cave and Lazar Canyon at- 
tract many visitors in this area. Due to these facts, 
it is clear that the subindicator of additional natural 





values received the highest grade. In addition, the 
Orthodox Christian monastery of Vratna is situated 
in the basin of the river Vratna and the Gornjak mo- 
nastery is located near the Osanica stone bridge. 
Furthermore, archeological sites Lepenski Vir 
(prehistoric site) and Kraku Lu Jordan (Celtic site) 
are located near the Valja stone bridge geosite. With 
the exception of the Vratna monastery, all other an- 
thropogenic values are not situated close enough (5 
km radius) to the stone bridges. Thus, they can not 
be evaluated as crucial indicators for geotourism de- 
velopment. Nevertheless, these cultural destinations 
are important for the regional (geo)tourism affirma- 
tion, and they should be included in future tourism 
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development strategies. 


The proximity of emissive centers and important 
roads is not rated with the highest grades because 
all geosites are located within the limestone masses 
of the Carpathian region, distanced from larger c1- 
ties and major highways or international roads. 
Thus, they are surrounded by local roads that are 
in poor condition. Additional values such as traffic 
and communal infrastructure, adequate tourist ser- 
vice and information units, accommodation and res- 
taurant services are in very poor condition, and are 
rated poorly. However, some cases stand out. Valja 
and Osanica stone bridges have a higher rating for 
hostelry and restaurant services, because the service 
facilities are located within the 5 km radius from 
these geosites. 


In conclusion, it can be determined with certainty 
that the biggest shortcoming related to geotou- 
rism development in the explored area is reflected 
in social and scientific-educational recognition of 
karst phenomena. Adequate utilization of geotou- 
rist interpretations, the lack of guide service and 
poor organization of management structures repre- 
sent the major flaws regarding the current state of 
geotourism development. These factors crucially 
influence the current underdevelopment of the pre- 
sented unique karst phenomena in the Carpathian 
region of eastern Serbia. It is necessary to pay more 
attention to authentic geological phenomena, and to 
modernly organize tourist development, in a mo- 
dern sustainable way, following world trends and 
respecting the concepts of sustainable development 
and geoethical principles. A special advantage for 
the geotourism of natural stone bridges is the fact 
that the Derdap National Park has officially beco- 
me a member of the UNESCO Geopark Network 
since July 2020. This can have a positive impact on 
numerous geosites within this area, especially in 
the field of scientific and educational promotion of 
geoheritage and tourist affirmation. Nevertheless, it 
is necessary to improve the infrastructure related to 
traffic access and service activities and to include all 
interest groups that can have a great impact on the 
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improvement and development of karst geoconser- 
vation. Nevertheless, it is necessary to improve the 
infrastructure related to traffic access and service 
activities and to include all interest groups that can 
have a great impact on the improvement and deve- 
lopment of karst geoconservation. In that way, the 
long-term geotouristic exploitation, that will not en- 
danger the karst environment and will not violate 
the natural integrity, can be established. 


Table 4. shows the overall ranking of the analyzed 
geosites while Figure 9 shows that all of the ana- 
lyzed geosites are located in the Z, field of the 
M-GAM matrix. However, certain differences are 
still present. Stone bridges in the Vratna river basin, 
especially the Velika Vratna geosite (G2), have the 
highest final assessment of the main values. These 
results confirm that, although the destinations are 
not significantly developed, the Vratna River is 
a representative area of stone bridges in eastern 
Serbia. The fact that the three stone bridges are 
connected by the Vratna river indicates the effec- 
tiveness they can have in the (geo)tourism market. 
Furthermore, Rajska stone bridge (G7) also has a 
high rating of the Main Values which indicates that 
it is necessary to develop and implement a num- 
ber of strategic and financial measures in order to 
develop basic tourism activities in this area. Only 
then can additional approaches be considered. 
Samar (G4) and Valja stone bridge (G5) geosites 
have similar final results of the Main Values. Valja 
and Vratna stone bridges (G1, G2, G3) have the 
most adequate conditions for the development of 
geotourism. A special advantage of the Valja stone 
bridge is the proximity of the speleotourist site Ra- 
jkova cave and the copper and gold mine, which is 
still not possible to visit, but can be observed from 
the local road that leads to the stone bridge. Samar 
geosite should be connected in terms of marketing 
and tourism with Lake Borsko and the paleovol- 
canic sites Tilva Njagra and Tilva Mika, that are 
located 13 km from the stone bridge. When all the 
parameters of the research are taken into account, 
it is evident that the stone bridges encompass a 
very rich geotourism content that reflects the geo- 
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Table 4. Overall ranking of the analyzed geosites by M-GAM 





Main Values Additional Values 
Geosites ————— a aS xX Field 
VSE + VSA + VPr VFn+ VTr 
G1—Mala Vratna 25 1 2 AG 2 25 07 SS elo? 3.07 Jes 
G2—Velika Vratna 25352494 225 VO) SS ie? 3:07 a 
G3—Suva Vratna 233 22494225 0g leery se Nu B07 ao 
G4—Samar 838 42.09 +225 Cee 1.54 + 0.96 Zo) Ta 
G5—Valja UN Ae ae LS 6.53 9245 2.16 4.08 Ze. 
G6—Osanica egret lew se Wee 5.43 1304 192 a2 Ze. 
G7—Rajska DOS F236 22s 6.69 159 70:38 Loy Ze, 


logical and karst values of the Carpathian area in 
eastern Serbia. 

The rating of Additional Values does not coinci- 
de with the rating of the Main Values. Valja stone 
bridge (G5) has the highest score of additional 
values while the stone bridges in the Vratna river 





basin do not have the necessary quality of Addi- 
tional Values that would position them on a higher 
quality field of the M-GAM matrix. Osanica (G6) 
has a higher score of Additional Values compared 
to Vratna stone bridges. This data indicates that ur- 
gent management intervention is necessary in order 
to better protect the Vratna stone bridges and use 
them for sustainable geotourism purposes. Samar 
and Rajska stone bridges have the lowest ratings, 
so their geotourism affirmation cannot be profes- 
sionally considered before further recognition of 
these geosites on the tourist market. It is necessa- 
ry to pay a lot of attention to marketing strategies, 
which is the case with all geosites. The jurisdiction 
should be given to a single organization over ka- 
rst areas, which would deal with the protection and 
implementation of measures necessary for geotou- 
rism and speleotourism development in Serbia. In 
addition, initiating and involving all stakeholders, 
governmental and non-governmental organizations 
for the more advanced development of geotourism 
is also necessary. Numerous scientific, ecologi- 
cal, sports and volunteer societies can contribute a 
lot to the protection and sustainability of the karst 
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natural environment. The scientific-educational 
community continuously needs to conduct various 
explorations.They need to be allowed to do this 
because they promote the values of karst for both, 
scientific and tourist needs. Ecological societies are 
important for the practical and quality application 
of sustainable concepts and values of geoconserva- 
tion, while sports organizations, mountaineers and 
speleologists can have a very important influence 
on the training of tour guides who will lead tourists 
through karst areas. Therefore, a joint effort with the 
support of the local population can enable a qua- 
lity, economically viable and sustainable concept of 
geotourism development. 


Conclusion 

The results of this paper indicate the current state 
and future perspectives of a unique karst phenome- 
non, the natural stone bridges. By evaluating se- 





ven representative geosites, the final results of the 
research were obtained. The best rated aesthetic, 
scientific-educational and protection values belong 
to the natural stone bridges in the Vratna river ba- 
sin (G1, G2, G3), not far from the town of Negotin. 
However, low Additional Values indicate that the 
primary focus in the future should be the construc- 
tion of basic tourism infrastructure along with 
promotional activities and tour guide service. On 
the other hand, the highest score of Additional Va- 
lues belongs to Valja (G5) and Osanica (G6) stone 


p-ISSN: 2645-4661 


Geoconservation Research 


bridges. These seven geosites, together with com- 
plementary caves, waterfalls and karst springs are 
very important places that encompass the greatest 
preconditions for the development of karst-based 
geotourism. For this reason, they should be given 
the most attention in the initial stages of geotourism 
planning. 


The explored unique karst geosites in Serbia pos- 
sess exceptional qualities, aesthetic and scientific 
values that make up the tourist potentials that can 
effectively be converted into tourist values. In or- 
der to encourage the local economic development 
of the Carpathian area in Serbia, these karst geo- 
tourism resources should be used to the maximum, 
by applying measures, concepts and principles of 
sustainable geotourism development and respecting 
the opinion and attitudes of the local population 
(Hose 2006). Marketing strategies, financial mana- 
gement and professional staff must be a part of the 
basic changes in order to set visions and goals for 
the geotourism affirmation of the Carpathian karst 
environment. 


Further research of Carpathian natural stone bridges 
and their geotourism affirmation should focus on 
the possibilities of regional tourist connection of 
the Carpathian region. Such regional geotourism 
development would also imply Romania (Podul 
Natural), Slovakia (Obrovska Brana, Okno 
OhniSte), the Czech Republic (Pravéicka dam) 
and Poland (Diorama Arch), as potential carriers 
of the Carpathian natural stone bridges geotourism 
offer. However, such an endeavor requires detailed 
multidisciplinary research and projects that would 
connect different stakeholders in order to achieve 
the sustainable development of geotourism in this 
region of the world. The essence of such geotourism 
development would also be the promotion of 
intercultural and scientific cooperation in the field 
of tourism and geosciences. 
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